EP 3 248 651 A1

(19)

Europaisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
29.11.2017 Bulletin 2017/48

(21) Application number: 17173232.4

(22) Date of filing: 29.05.2017

(11) EP 3 248 651 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

AG61N 5/06 (2006.01) A61B 18/22 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 27.05.2016 US 201615167748

(71) Applicant: Lasertel Inc.
85743 AZ Arizona, Tucson (US)

(72) Inventors:
¢ Moor, Robert N.
Tucson, AZ Arizona 85719 (US)
¢ Jean, Justin K.
Tucson, AZ Arizona 85730 (US)
* Lohrenz, Ryan
Vail, AZ Arizona 85641 (US)

(74) Representative: Bittner, Bernhard
Hannke Bittner & Partner
Patent- und Rechtsanwilte mbB
Priifeninger Strasse 1
93049 Regensburg (DE)

(54)
FOR PHOTOTHERAPY

(67)  Adiffuser tip assembly is disclosed for genera-
tion of uniform cylindrical illumination from a fiber deliv-
ered source. Light propagating into the diffuser tip is in-
itially mixed by a spatial overlap of reflections within a
waveguide, reducing the sensitivity of illumination uni-
formity to the modal structure of fiber delivered light. The
waveguide output propagates at least two passes
through a reflective cavity having transmissive, light-dif-
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SOURCE-INSENSITIVE CYLINDRICAL LIGHT DIFFUSER AND VISUAL INDICATOR SYSTEM

fusive walls, enabling highly uniform output. The diffuser
tip can be configured to use low-absorbing materials for
high power applications. In addition, the method of using
visible light as an indicator for diffuser outputis described.
The combination of uniformity, low heat generation, and
avisual indicator are intended to promote safety in a pho-
totherapy procedure.
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Description
FIELD OF THE INVENTION

[0001] The present invention is generally related to
phototherapy devices and more particularly is related to
a diffuser tip for providing cylindrical illumination for the
elimination of bacteria in an orifice.

BACKGROUND OF THE INVENTION

[0002] Phototherapy is becoming an increasingly com-
monplace treatment method for various medical condi-
tions. In a phototherapy process, a treatment area is ex-
posed to specific frequencies of light with controlled dis-
tribution and duration. Phototherapy can be used for the
treatment of various skin disorders, sleep and mood af-
fective disorders, and to counteract the development of
bacteria, fungi, or other biological contaminants. In a par-
ticular instance, phototherapy may be used with antibi-
otics to eliminate biological contaminants within the hu-
man body, such as bacterial infections.

[0003] Laser-based phototherapy allows for highinten-
sity light sources tobe delivered to atarget area by means
of optical fiber, and is especially practical for application
internalto the body. A specialized application device may
be used to tailor the distribution of light onto the treatment
area. Cylindrical diffusers are a common form of appli-
cation tip, and can in some instances be produced from
modification of the delivery fiber.

[0004] Fig 1 is a schematic diagram of a cylindrical
diffuser 10 in accordance with prior art, for treatment ap-
plications requiring relatively large diameter compared
to the core diameter of the delivery fiber 12. The delivery
fiber 12 enters the cylindrical diffuser through an opening
16 in a proximal end 14 of the cylindrical diffuser. The
fiber is terminated into an empty cavity 20. A specular
reflective film 26 such as metallized mylar film is located
interior to a distal end 24. A small sphere 28 or other
feature may be used to impart a convex shape to the
reflective film. A diffuse reflecting material 18 is applied
to the interior or the proximal end 14. The diffuser body
22 is made from a polytetrafluoroethylene (PTFE) tube
and held to the proximal end 14 and distal end 24 by a
clear heat shrink plastic 30. In a simplified model of use,
light from the delivery fiber 12 propagates through the
cavity 20 toward the specular reflective film 26. A portion
of the light is reflected to the diffuse reflecting material
18 and eventually allunabsorbed light is directed to trans-
mit through the diffuser body 22 to exit the cylindrical
diffuser 10 to the patient’s body.

[0005] The diffuser of Fig 1 has been used with some
success, but also has a number of shortcomings. Unde-
sired heat is created by residual absorption of some of
the materials. Emitted light is often unevenly distributed
due in part to sensitivity to the angular light distribution
from the delivery fiber 12. The build-up of heat and the
uneven distribution of light from the diffuser tip 10 can
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result in damage to healthy tissues in the patient’s body
due to overheating of some areas and under-treatment
of others.

[0006] Thus, a heretofore unaddressed need exists in
the industry to address the aforementioned deficiencies
and inadequacies.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention provide
a system and method for a diffuser tip for an optical de-
livery apparatus. Briefly described, in architecture, one
embodiment of the system, among others, can be imple-
mented as follows.

[0008] The diffusertip comprises a cavity formed along
a diffuser axis, between a proximal end surface and a
distal end surface, and configured to receive light from
the distal end of an optical delivery apparatus, typically
an optical fiber. At least the distal end surface of the dif-
fuser tip cavity is reflective. The cavity interior may be
separated into a homogenizer region and an emission
region, configured such that light received from the fiber
distal end is homogenized and eventually emitted from
the diffuser tip in a direction transverse or oblique to the
diffuser axis. A portion of the light may be lost or ab-
sorbed.

[0009] Light from the fiber distal end is received
through a bore in the proximal end surface of the diffuser.
The distal end of the fiber may be allowed to protrude
minimally into the cavity before termination. In one em-
bodiment, the fiber distal end face may be cleaved or
polished flat. In another embodiment, the fiber distal end
face may be roughly ground.

[0010] One or both of the diffuser tip end surfaces may
be a surface subsection of alarger component or assem-
bly, including an assembly performing at least one func-
tion beyond the scope of this disclosure. In one configu-
ration, the proximal end surface may be a surface sub-
section of a larger diffuser base, with features for han-
dling, mounting and fiber strain relief.

[0011] In some embodiments, the diffuser tip may be
encased in a transparent tube, such as a tube fabricated
from glass or transparent plastic material. The transpar-
ent tube may be attached to the diffuser base and to a
distal end to form a bonded structure. Components within
the transparent tube may be loosely constrained within
the bonded structure.

[0012] A waveguide homogenizer reduces the sensi-
tivity of the diffuser output distribution to the distribution
of light received from the delivery fiber. In its simplest
form, the homogenizer comprises a distance along the
cavity axis in which light is confined laterally by reflective
walls, with sufficient length such that some portion of the
system light is reflected and overlapped spatially. In one
embodiment, it comprises a cylindrical waveguide within
a lower refractive-index bulk material.

[0013] A diffusing surface (or volume) may be added
to broaden the angles of the light being input into the
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proximal end of waveguide. Alternatively, the waveguide
may be tapered to achieve a similar effect. In doing so,
the length of the waveguide necessary to achieve multi-
ple orders of successive reflections may be reduced.
However, attention must be paid to the length of the in-
tended emission region, as steeper angles of light will
out-couple more quickly, potentially reducing the axial
uniformity of the output.

[0014] The diffusing surface may be configured as a
surface of the cylinder waveguide or the distal end face
of the fiber. A volume of bulk scattering material may be
used in place of a diffusing surface. In one embodiment,
a disk with a textured surface is bonded to the proximal
end of the cylinder waveguide.

[0015] Theemissionregion comprises acylindrical vol-
ume encompassed laterally by a diffusing, cylindrical sur-
face or layer. In on embodiment, the emission region may
comprise a hollowed cylindrical volume within a tube of
the diffusing material, such as PTFE.

[0016] A reflective surface prevents light transmission
through a distal end. The reflective surface may be a
utilized a reflective coating or may be made from a bulk
reflective material. In one embodiment, the reflective sur-
face is a broadband dielectric coating deposited onto a
glass disk substrate.

[0017] A diffusing material may be used at the distal
end to increase light output near the distal end of the
emission region. In one embodiment, the reflective sur-
face is itself diffuse. In another embodiment, light trans-
mits through a diffusing surface or material prior to re-
flection. In one embodiment, a thin PTFE film covers the
reflective surface. The reflective surface is chosen for
high reflectivity over the full spectral range of the system
light.

[0018] The delivery fiber supplies specific treatment
frequencies of light, which may include light outside of
the visible frequency range, such as infrared light. In one
aspect of the disclosure, a quantity of visible light is ad-
ditionally supplied by the delivery fiber. The visual indi-
cator may be used to indicate the distribution of treatment
light from the emission region. Materials and coatings
used by the diffuser optics may be tailored to function
without sensitivity to supplied frequencies of light.
[0019] A removable protective cover, including a dis-
posable cover, may be placed over the diffuser optics
and attached to the diffuser. A disposable cover may
comprise an optically-transmissive plastic body. The dis-
posable cover may have features for attachment to pa-
tient body. In one embodiment, a plastic clip is connected
onto, or a part of, the disposable cover, wherein the clip
aids retention of the diffuser emission region within an
orifice of the patient.

[0020] To prevent heating, embodiments of the dis-
closed apparatus should minimize the absorption of light
by materials within the diffuser tip. For this reason, em-
bodiments utilizing total internal reflection (TIR) and/or
dielectric coating reflectors are preferred over metallic
reflectors.
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[0021] The present invention also can be viewed as
providing an optical delivery apparatus comprising: an
optical transmission system including an optical
waveguide; having a proximal end and a distal end; said
optical transmission system being configured to receive
system light from a source into its proximal end and to
deliver system light to its distal end; a diffuser tip, com-
prising a cylindrical cavity formed between a proximal
end and a distal end, wherein said cavity is configured
to receive system light from the optical waveguide in a
generally axial direction; said distal end having a distal
end surface configured to reflect at least some incident
system light, and said cavity being divisible into functional
segments along its axis, including a waveguide homog-
enizer segment, wherein atleast a portion of system light
is substantially laterally confined by atleast one reflective
barrier, and said waveguide homogenizer segment is
configured to facilitate spatial overlap; said cavity further
containing at least one emission segment, located distal
to the waveguide homogenizer segment, said emission
segment comprising a volume which is substantially
transparent to system light, and being encompassed ra-
dially by at least one interface, wherein said at least one
interface is at least partially transmissive to system light,
such that at least a portion of said system light may emit-
ted from the cavity of the diffuser tip; and, wherein at least
one said interface is configured to angularly diffuse at
least a portion of incident system light.

[0022] In one aspect the at least one waveguide ho-
mogenizer segment comprises at least one substantially
transparent volume having a proximal end and a distal
end, extending along the cavity axis, and having at least
one transverse surface which is substantially reflective
to at least a portion of system light; said volume being
configured such that atleast a portion of system light may
be coupled into a proximal or distal end of said
waveguide, and emitted from said distal end or proximal
end of said waveguide; said volume being configured
such that at least a portion of said system light may be
substantially confined by the transverse surfaces; said
volume having sufficient axial extent for at least a portion
of system light to be reflected by said transverse surfac-
es. In such embodiment, a distal face of the transmission
system is textured to angularly diffuse system light prior
to the coupling of at least some of said system light into
the waveguide.

[0023] In such aspect the waveguide homogenizer
segment preferably comprises a core formed by a volume
of material, said volume being substantially transparent
to system light and surrounded radially or transversely
by a volume or layer having lower refractive index to sys-
tem light, such that at least a portion of system light is
confined within the waveguide by total internal reflection.
Also in such embodiment, the wavelength has a proximal
face textured to angularly diffuse incident light.

[0024] In another aspect the emission segment pref-
erably comprises a volume within the cavity of the diffuser
tip, and extending along the cavity axis, encircled radially
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by a section of tube, where said tube is formed from a
material or combination of materials having properties to
substantially diffuse atleast a portion of said system light.
In such aspect, the emission segment preferably com-
prises a volume within the cavity of the diffuser tip, and
extending along the cavity axis, encircled radially by a
section of tube; wherein said tube is constructed from a
material or combination of materials having properties to
substantially diffuse atleast a portion of said system light,
and wherein the tube is extended into at least one
waveguide homogenizer segment, and functions as a
lower refractive index layer for said waveguide.

[0025] In a preferred aspect the tube encompassing
the emission region is formed from PTFE.

[0026] In another aspect, the optical delivery appara-
tus has a transmissive surface or volume, located in the
cavity between the proximal end and the waveguide, and
configured to angularly diffuse light prior to coupling of
at least some system light into the waveguide. In such
aspect, the optical delivery apparatus preferably has at
least one textured face, configured to angularly diffuse
said system light, located in the cavity between the prox-
imal end of the cavity and the waveguide. In such aspect,
atleastonelens preferably is used to collimate or partially
collimate radiation emissions from the distal end of the
transmission system, prior to propagation of the light into
an angular diffuser of the waveguide homogenizer seg-
ment.

[0027] In still other aspects, the proximal end of the
wavelength is configured to reflect at least a portion of
said incident system light, reflected or scattered from a
more distal portion of the cavity and/or the distal end of
the cavity is configured to diffusely reflect at least a por-
tion of said incident system light.

[0028] Inyetanotheraspect, the distal end of the cavity
is configured to specularly reflect at least a portion of said
incident system light, and wherein a transmissive volume
is placed within the cavity, distal an emission segment
and proximal the distal end of the cavity, and configured
to angularly diffuse transmitted light.

[0029] In yet other aspects, the distal end of the trans-
mission system protrudes into the diffuser tip through an
opening in the cavity proximal surface; the cavity of the
diffuser tip optionally is encompassed radially, at least in
part along its axis, by one or more tubes or housings; the
proximal surface and/or distal surface of the diffuser tip
optionally is a portion of a volume having features for
handling or mounting the diffuser; and the diffuser tip
optionally is encased in a removable sheath, formed of
a material which is at least partially transmissive to sys-
tem light.

[0030] The presentinvention also provides a medical
or cosmetic phototherapydevice, comprising a light
source for generating system light at frequencies intend-
ed for treatment, and an optical delivery apparatus as
above described. In such embodiment a portion of said
system light preferably is at a visible frequency.

[0031] In another embodiment the optical delivery ap-
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paratus cavity preferably contains an extra emission seg-
ment which functions as a visual indicator when at least
one other emission segment is obscured during a treat-
ment process.

[0032] The present invention also provides optical
therapy device for providing therapeutic light for the elim-
ination of bacteria in a human nostril, comprising: an op-
tical delivery apparatus as above described; and a light
source in optical communication with the proximal end
of the optical transmission system

[0033] The present invention can also be viewed as
providing safe methods for eliminating bacteria from a
human orifice. In this regard, one embodiment of such a
method, among others, can be broadly summarized by
the following steps: positioning of diffuser emission re-
gion within a patient orifice, and emission of a quantity
of treatment light and a quantity of visible indicator light
from the diffuser.

[0034] Other systems, methods, features, and advan-
tages of the presentinvention will be orbecome apparent
to one with skill in the art upon examination of the follow-
ing drawings and detailed description. It is intended that
all such additional systems, methods, features, and ad-
vantages be included within this description, be within
the scope of the present invention, and be protected by
the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Many aspects of the invention can be better un-
derstood with reference to the following drawings. The
components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating
the principles of the present invention. Moreover, in the
drawings, like reference numerals designate corre-
sponding parts throughout the several views.

FIG. 1 is a schematic diagram of a diffuser tip, in
accordance with the prior art.

FIG. 2 is a cross-sectional view illustration of a dif-
fuser tip for an optical delivery apparatus, in accord-
ance with a first exemplary embodiment of the sub-
ject disclosure.

FIG. 3 is a simplified block diagram of an optical de-
livery system in accordance with an exemplary em-
bodiment of the subject disclosure.

FIG. 4 is a partial cross-sectional illustration of a dif-
fuser tip for an optical delivery apparatus positioned
within an orifice, in accordance with the first exem-
plary embodiment of the subject disclosure.

FIG. 5 is a flowchart illustrating a method of elimi-
nating bacteria from a human orifice, in accordance
with the first exemplary embodiment of the subject
disclosure.

DETAILED DESCRIPTION

[0036] As used herein, a quantity of light may be said
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to propagate along any conceptually useful direction
‘generally’ if a representative light propagation vector has
agreater magnitude component along said direction than
along any orthogonal direction, said representative vec-
tor consisting of the weighted average of all propagation
vectors for said quantity of light. By way of example, but
not limitation, a quantity of light may be said to propagate
along any direction 'generally’ if a representative vector
propagates approximately at said direction, within 45°
but more typically within 5°.

[0037] Thesubjectdisclosure is directedtoa cylindrical
diffuser tip for an optical delivery system. The optical de-
livery system may attach to a laser system or other light
source, which can have useful properties for medical
treatment, as well as potential non-medical applications.
As a primary example, the optical delivery system may
be used in a medical process to eliminate bacteria within
a nasal cavity. Other uses of the cylindrical diffuser ap-
paratus and optical delivery system are anticipated.
[0038] FIG. 1 is a schematic diagram of a cylindrical
diffuser, in accordance with prior art. A detailed descrip-
tion of FIG.1 is provided in the section Background of the
Invention.

[0039] FIG. 2 is a cross-sectional view illustration of a
diffuser tip 120 for an optical delivery system, in accord-
ance with a first exemplary embodiment of the present
disclosure. As is shown in FIG. 2, the diffuser tip 120 may
attach to a base assembly 112 which may be constructed
from a metal. The base assembly 112 may function as a
handle or as an attachment body for a delivery fiber 114
and/or a disposable cover 170.

[0040] The diffuser tip 120 consists of a transparent
tube 122 which may be constructed from glass or a plas-
tic, such as transparent polycarbonate or acrylic. The
transparent tube 122 may be situated spanning a proxi-
mal end 130 and a distal end 140, forming an enclosed
volume. The transparent tube 122 may be attached or
bonded to the proximal end 130 and distal end 140 struc-
tures.

[0041] As shown, the proximal end 130 is defined by
a proximal end surface 134, which may be reflective, and
which may also be subsection of the surface of the base
assembly 112. The delivery fiber 114 may protrude a
short distance through the proximal end 130 to its termi-
nation point at the fiber distal end 132.

[0042] A waveguide homogenizer assembly 150 is sit-
uated within the transparent tube 122 near the proximal
end 130. The waveguide homogenizer segment 150
shown comprises a waveguide volume 152, laterally en-
cased within a reflective boundary 156, and a planar dif-
fuser 154. The waveguide 152 may be constructed from
alength of polished transparent glass. A reflective bound-
ary 156 is formed by total internal reflection (TIR) at the
interface between the glass and surrounding lower re-
fractive index material, which may be constructed from
PTFE and may be produced as an extension of the light
diffusing tube 164 used in the emission region 160. The
diffuser 154 is fabricated as a textured surface on a glass
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disk, attached to the waveguide 152, and held atits edges
between the proximal end 130 and the low refractive in-
dex tube serving as a waveguide cladding 164. The low
refractive index material 156.

[0043] The emission segment 160 may comprise a cy-
lindrical volume 162 laterally encased within a light dif-
fusing boundary 164. The boundary 164 may be con-
structed as a PTFE tube, and the cylindrical volume 162
may comprise the interior airspace.

[0044] A reflective surface 144 is located near a distal
end 140. The reflective surface 144 may be fabricated
as a dielectric coating deposited onto the surface of a
solid disk 142, which may be constructed from glass. A
light diffuser 146 may be used if the reflective surface is
specular. The planar diffuser may be formed from a thin
layer of PTFE, held in compression between the distal
end face 144 and the PTFE tube 164.

[0045] A disposable cover 170 may be placed overand
around the diffuser tip 120. The disposable cover 170
may attach to a base assembly 112 using mounting fea-
tures 172, and may have features to attach to a patient
174. The disposable cover 170 may be constructed from
a plastic with negligible absorption of supplied system
light.

[0046] Inuse,lightmay enterthe diffusertip 120 interior
tothe proximal end 130 after emission from the fiber distal
end 132. The light may be directed forward, expanding
along an axis formed between the proximal end 130 and
the distal end 140, to first intersect the planar diffuser
154. The diffuser 154 mixes and broadens the propaga-
tion angles of the system light. The light then propagates
into and through the waveguide 152, and is mixed spa-
tially by overlapping orders of reflection against the
waveguide walls. The light then exits the waveguide 152
into the cavity 162 of the emission region 160, wherein
a portion of the light is distributed to the PTFE tube 164.
This portion is most-heavily comprised of light with higher
propagation angles relative to the propagation axis. A
second portion, mostly light with lower propagation an-
gles, is directed toward the distal end 140 through a dif-
fuser 146 and to the reflective surface 144. The reflective
surface 144 returns light to the emission segment 160,
with higher propagation angles, whereupon it may be di-
rected to the PTFE tube 164.

[0047] A portion of the reflected light may return
through the waveguide 152 to the proximal end surface
134, and may again be reflected back. If the waveguide
142 does not fully extend to the proximal end surface
134, a small portion of light may be allowed to leak from
the diffuser tip 120 near the proximal end 130.

[0048] Much of the lightwhichintersects the PTFE tube
164 is directed to its outer surface, and emitted through
the transparent tube 122 and disposable cover 170.
Some portion of light may be reflected by the PTFE tube
164 back into the underlying cavity 162. The process of
mixing and re-mixing the light paths provides for a smooth
distribution of light down the length of the emission region
160.
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[0049] FIG. 3is a simplified block diagram of an optical
delivery system in accordance with the subject disclo-
sure. The system includes a light source 300 connected
via an optical waveguide 302 to a diffuser tip 110 as il-
lustrated in FIG. 2.

[0050] FIG. 4 is a partial cross-sectional illustration of
an optical delivery apparatus 110 for a phototherapy ap-
plication positioned within an orifice, in accordance with
the first exemplary embodiment of the subject disclosure.
As is shown, the diffuser tip 120 may be positioned to
provide treatment to an orifice of a human being, such
as within a patient’'s nasal cavity. In this example, the
diffusertip 120 and the overlying portion of the disposable
cover 170, extend into the patient’s nasal cavity 180 to
a degree or position selected by a medical professional.
Light that is supplied to the delivery fiber 114 may be
comprised of a mixture of light intended for treatment,
commonly IR, and visible indicator light. In use, the light
is routed from the delivery fiber 114, through the diffuser
tip 120 and disposable cover 170 and into the nasal cavity
180. Light from the emission region is indicated as 184
in FIG. 4. A small portion of light may be permitted to leak
out of the diffuser tip 120 near the proximal end 130, so
that visible indicator light may be monitored by a medical
professional (as indicated by light exiting nostril, 186 in
FIG. 4). After treatment, the disposable cover may be
removed and discarded.

[0051] Itis noted that the diffuser tip 120 as described
within this disclosure may offer significant benefits over
the conventional art. For one, the use of the diffuser tip
may reduce or eliminate heating problems commonly
found in conventional devices. Further, the diffuser tip is
not sensitive to the angular distribution of the light trans-
ported by the delivery fiber, and can be made to provide
consistent, uniform illumination. The diffuser tip can also
be constructed to be spectrally insensitive over wide
bands for applications requiring many frequencies of
light. The spectral insensitivity of the diffuser tip allows
for use of a visible light to indicate the emission profile
to anoperator. Itis also noted that the uniform illumination
offered by the diffuser apparatus can be used for other
applications, such as industrial applications.

[0052] FIG. 5 is a flowchart 200, illustrating a method
of eliminating bacteria from a human orifice, in accord-
ance with the first exemplary embodiment of the subject
disclosure. It should be noted that any process descrip-
tions or blocks in flow charts should be understood as
representing modules, segments, or steps that include
one or more instructions for implementing specific logical
functions in the process, and alternate implementations
are included within the scope of the present invention in
which functions may be executed out of order from that
shown or discussed, including substantially concurrently,
or in reverse order, depending on the functionality in-
volved, as would be understood by those reasonably
skilled in the art of the present invention.

[0053] Asis shown by block 202, a diffuser apparatus
may be positioned within a human orifice. A quantity of
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treatment light and a quantity of visible light may be emit-
ted from the diffuser apparatus (block 204). The method
may further include any number of additional steps, proc-
esses, and functions, including any disclosed relative to
any other figure of this disclosure.

[0054] It should be emphasized that the above-de-
scribed embodiments of the present invention, particu-
larly, any "preferred" embodiments, are merely possible
examples of implementations, provided for a clear un-
derstanding of the principles of the invention. Many var-
iations and modifications may be made to the above-
described embodiment(s) of the invention without depart-
ing substantially from the spirit and principles of the in-
vention. All such modifications and variations are intend-
ed to be included herein within the scope of this disclo-
sure and the present invention and protected by the fol-
lowing claims.

Claims

1. An optical delivery apparatus characterized by
comprising:

an optical transmission system including an op-
tical waveguide having a proximal end and a dis-
tal end; said optical transmission system being
configured to receive system light from a light
source into its proximal end and to deliver sys-
tem light to its distal end;

a diffuser tip, comprising a cylindrical cavity
formed between a proximal end and a distal end,
wherein said cavity is configured to receive sys-
tem light from the optical waveguide in a gener-
ally axial direction; said distal end having a distal
end surface configured to reflect at least some
incident system light, and said cavity being di-
visible into functional segments along its axis,
including a waveguide homogenizer segment,
wherein at least a portion of system light is sub-
stantially laterally confined by at least one re-
flective barrier, and said waveguide homogeniz-
er segment is configured to facilitate spatial
overlap;

said cavity further containing at least one emis-
sion segment, located distal to the waveguide
homogenizer segment, said emission segment
comprising a volume which is substantially
transparent to system light, and being encom-
passed radially by atleast one interface, wherein
said at least one interface is at least partially
transmissive to system light, such that at least
a portion of said system light may emitted from
the cavity of the diffuser tip, and,

wherein at least one said interface is configured
to angularly diffuse at least a portion of incident
system light.
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The apparatus of claim 1 characterized in that said
at least one waveguide homogenizer segment com-
prises at least one substantially transparent volume
having a proximal end and a distal end, extending
along the cavity axis, and having at least one trans-
verse surface which is substantially reflective to at
least a portion of system light;

said volume being configured such that at least a
portion of system light may be coupled into a proxi-
mal or distal end of said waveguide, and emitted from
said distal end or proximal end of said waveguide;
said volume being configured such that at least a
portion of said system light may be substantially con-
fined by the transverse surfaces; and

said volume having sufficient axial extent for at least
a portion of system light to be reflected by said trans-
verse surfaces.

The apparatus of claim 2 characterized in that the
waveguide homogenizer segment comprises a core
formed by a volume of material, said volume being
substantially transparent to system light and sur-
rounded radially or transversely by a volume or layer
having lower refractive index to system light, such
that atleasta portion of system lightis confined within
the waveguide by total internal reflection.

The apparatus of claim 2 characterized in that said
emission segment comprises a volume within the
cavity of the diffuser tip, and extending along the
cavity axis, encircled radially by a section of tube,
where said tube is formed from a material or combi-
nation of materials having properties to substantially
diffuse at least a portion of said system light, wherein
said emission segment preferably comprises a vol-
ume within the cavity of the diffuser tip, extending
along the cavity axis, encircled radially by a section
of tube;

wherein said tube is constructed from a material or
combination of materials having properties to sub-
stantially diffuse at least a portion of said system
light; and

wherein the tube is extended into at least one
waveguide homogenizer segment, and functions as
a lower refractive index layer for said waveguide,
and wherein the tube encompassing the emission
region preferably is formed from PTFE.

The apparatus of claim 2 characterized by having
atransmissive surface or volume, located in the cav-
ity between the proximal end and the waveguide,
and configured to angularly diffuse light prior to cou-
pling of at least some system light into the
waveguide, and optionally having at least one tex-
tured face, configured to angularly diffuse said sys-
tem light, located in the cavity between the proximal
end of the cavity and the waveguide.
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The apparatus of claim 3 characterized in that the
waveguide has a proximal face textured to angularly
diffuse incident light.

The apparatus of claim 2 characterized in that a
distal face of the transmission system is textured to
angularly diffuse system light prior to the coupling of
atleast some of said system lightinto the waveguide.

The apparatus of claim 5 characterized in that at
least one lens is used to collimate or partially colli-
mate radiation emissions from the distal end of the
transmission system, prior to propagation of the light
into an angular diffuser of the waveguide homoge-
nizer segment.

The apparatus of claim 1 characterized by one or
more of the following features:

(a) the proximal end is configured to reflect at
least a portion of said incident system light, re-
flected or scattered from a more distal portion
of the cavity;

(b) wherein the distal end of the cavity is config-
ured to diffusely reflect at least a portion of said
incident system light;

(c) wherein the distal end of the cavity is config-
ured to specularly reflect at least a portion of
said incident system light, and wherein a trans-
missive volume is placed within the cavity, distal
an emission segment and proximal the distal
end of the cavity, and configured to angularly
diffuse transmitted light;

(d) wherein the distal end of the transmission
system protrudes into the diffuser tip through an
opening in the cavity proximal surface;

(e) wherein the cavity of the diffuser tip is en-
compassed radially, atleastin partalongits axis,
by one or more tubes or housings, wherein the
optical delivery apparatus cavity preferably con-
tains an extra emission segmentwhich functions
as a visual indicator when at least one other
emission segment is obscured during a treat-
ment process;

(f) wherein the proximal surface and/or distal
surface of the diffuser tip is a portion of a volume
having features for handling or mounting the dif-
fuser; and

(g) wherein the diffuser tip is encased in a re-
movable sheath, formed of a material which is
at least partially transmissive to system light.

10. A medical or cosmetic phototherapydevice, charac-

terized by comprising a light source for generating
system light at frequencies intended for treatment,
and an optical delivery apparatus as claimed in any
of claims 1-9.
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11. The apparatus of claim 10, characterized in that a
portion of said system light is at a visible frequency.

12. An optical therapy device for providing therapeutic
light for the elimination of bacteria in a human nostril,
characterized by:

an optical delivery apparatus as claimed in any
of claims 1-9; and

a light source in optical communication with the
proximal end of the optical transmission system.
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A light diffuser tip is positioned within a human
orifice

A quantity of infrared light and a quantity of
visible light are emitted from the diffuser tip
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